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Coastal circulation along the southeast Florida 
shelf is strongly related to the dynamics of the 
Florida Current.The current follows the steep 
bottom terrain along the shelf break separating 
the deep ocean from the coastal zone (Figure 
1 a, b ) . Energetic and complex flow regimes 
arise along the current's western edge, caus­
ing transient features such as sub-meso-scale 
eddies [Lee and Mayer, 1977; Shay et al, 2000] 
and energetic internal oscillations [Mooers, 
1975;Soloviev et al.,2003], which affect mix­
ing between the shelf and deeper ocean 
waters. Understanding of these regimes is 
important for modeling and prediction of the 
coastal circulation on the southeast Florida 
shelf and description of western boundary 
current/continental shelf interactions. 
A striking feature of the circulation on the 
shelf off southeast Florida is the energetic 
baroclinic supertidal oscillation, which produces 
10-hr period current velocity oscillations with 
a 0.5-m s"1 amplitude. At the same time, current 
velocity oscillations induced by the barotropic 
tide usually do no exceed about 0.05-m s'1 
amplitude. Spectral analysis of the sea level 
signal reveals the expected semi-diurnal tidal 
peak close to the 12-hr time period (Figure 
l c ) . T h e corresponding peak, however, is not 
seen in the velocity spectrum; instead, a 10-hr 
peak is prominent (Figure Id) . 
Two years of continuous observations on the 
southeast Florida shelf reported in Soloviev et 
al. [2003] suggested that this oscillation is 
observed primarily during summer months. A 
4-year data set collected at the same location, 
which is now available for analysis, clearly 
demonstrates that this phenomenon has a 
seasonal cycle, which is the subject of interan-
nual variability On average, the kinetic energy 
associated with the oscillation appears much 
higher in the summer season than at other 
times throughout the year (Figure 2 ) ; there is 
considerable variation between years. Interan-
nual differences can be seen in Figure 3, 
where the squared current velocity magnitudes 
within the 8- to 12.5-hour band for each summer 
from 1999-2002 are shown. 
Variability of the coastal currents affect soci-
etally relevant issues such as navigation, acoustics, 
search and rescue operations, beach erosion, 
and coastal pollution from sewage plants, 
harmful algal blooms, and oil spills [Peters et 
al., 2002].These important practical issues 
could require that the baroclinic current oscil­
lation on the southeast Florida shelf become 
more fully understood and its frequency and 
importance in nature be assessed. 
Project Background 
The South Florida Ocean Measurement Center 
(SFOMC) was established in 1998 through a 
partnership involving government and acade-
mia.A congressional grant, along with a 
Frequency, h 
Fig. 1. (a) Map indicating location of three mooring buoys in the SFOMC range, (b) Cross-section 
of Florida Straits. Sea level (c) and velocity (d) spectra in the SFOMC range. Note a 2-hr "blue" 
shift of the tidal peak in the velocity spectra compared to the sea-level spectrum. Inertia! frequency 
\K (27.34 hrs) and tidal constituents O, (25.82 hrs), K, (23.93 hrs), N2 (12.66 hrs), M2 (12.42 hrs), 
and S2 (12 hrs) are marked by vertical dashes. The spectral curves in subplots (c) and (d) are 
color-coded according to the color of the mooring symbols in subplot (a). Original color image 
appears at back of volume. 
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Fig. 2. Seasonal and interannual change of the 
spectral energy of the velocity oscillation with­
in the 8- to 12.5-hour band (NWbottom mount 
at 11-m isobath). Original color image appears 
at back of volume. 
combination of other federal and state money, 
has been used to construct this new facility 
with the guidance of the Office of Naval 
Research (0NR).As a part of SFOMC, a three-
dimensional mooring array (hereafter referred 
to as Environmental Array) was deployed on 
the shelf off Dania Beach, South Florida, where 
the local bathymetry includes three linear, 
reef-like features paralleling the coastline pre­
ceding a steep drop-off in depth at the conti­
nental shelf edge (Figure l a , b ) . Acoustic 
Doppler current profilers (ADCP),a combina­
tion of recording temperature and salinity 
sensors, and a meteorological package were 
installed on moorings [Soloviev et a/., 2003] 
and coordinated with Ocean Surface Current 
Radar [Shay etal., 2000] . 
The array has been operated to support the 
SFOMC field tests of autonomous underwater 
vehicles [Dhanak etal.,2001] and provide a 
complete seasonal cycle of the local coastal 
circulation.The scientific questions include: 
What are the dominant modes of interaction 
between the nearby Florida Current and the 
shelf/near shore circulation? Are these events 
driven by the wind, Gulf Stream meanders, 
propagating continental shelf waves, or near-
shore eddies? What is the structure and tem­
poral variability of the internal wave field within 
the Florida Straits? 
Exploratory measurements have been car­
ried out since June 1999 and are a cooperative 
experiment between the University of South 
Florida and Nova Southeastern University 
[McCreary et a / . ,2000].The measurements 
have shown a very energetic regime with vari­
ability occurring over a wide range of temporal 
and spatial scales. Overall, data has been gen­
erally consistent with the previous studies in 
the region; however, new important details are 
emerging. 
Initial Results 
The spectral analysis of the summer 1999 
velocity record revealed oscillations of about 
0.5 m s'1 amplitude with a 10-hr period and a 
prominent peak on the frequency correspon­
ding to a 10-hr time period (Figure Id) .The 
sea level record showed a 12-hr peak instead. 
This 10-hr peak was observed at all locations 
( l l -m,20-m,and 50-m isobath moorings); 
although at lower frequencies, the velocity 
spectral curves diverged (with a stronger signal 
on the 50-m mooring location and a weaker 
signal on the 11-m location).The velocity signal 
was accompanied with coherent density vari­
ations, which confirmed that the observed 
oscillation was of baroclinic nature. During the 
next summer, the super-tidal oscillation was 
not prominent (which can be noted from 
velocity contour plots shown in Figure 3) .The 
oscillation was restored during the summers 
of 2001 and 2002 (though it was weaker than 
during summer 1999). 
Velocity data also reveal seasonal and inter­
annual variability of the super-tidal oscillation. 
Seasonal variation can be noted on the com­
posite plot in Figure 2. The spectral energy 
within the 8- to 12.5-hr wave period band shows 
a much more energetic regime during the 
summer than winter months. Interannual 
differences can be noted as well, and are seen 
more clearly in Figure 3.The kinetic energy 
changes throughout the summers between 
1999 and 2002 show differences between years. 
It is clear that the 8- to 12.5-hr band is season­
ally and interannually modulated. 
Possible Generation Mechanisms 
In his book The Gulf Stream, Stommel [1965] 
suggested that it is highly probable that an 
internal resonant seiche could develop in the 
channel between Florida and the Bahamas. 
Niiler [1968] proposed an analytical model 
demonstrating that cross-channel baroclinic 
tidal oscillation could be excited by a tidal 
surface wave traveling along the non-uniform 
channel. In this theory, an abrupt change of 
the channel depth at the edge of the continental 
shelf is a critical factor in the exchange of 
energy between the surface and internal tidal 
modes. In fact, cross-section of the Florida 
Straits at the latitude of the SFOMC range reveals 
an abrupt change of the channel depth at a 
30-km distance from the Florida coast (Figure lb ) . 
Another critical factor determining the 
"resonant" properties of the Florida Straits in 
Niilefs [1968] theory is the vertical density 
stratification; in particular, the position of the 
Gulf Stream front with respect to the continental 
shelf break is of importance.The baroclinic 
oscillation becomes large if the period of the 
surface tidal wave is close to the natural period 
of an internal seiche in the channel. From 
Niilers [1968] equation, an estimate of the nat­
ural period of an internal seiche in the Florida 
Straits at 26°N is 7 - 1 0 hrs.The SFOMC data, 
covering a 4-year time period (1999-2002), are 
consistent in general features with the Stommel 
hypothesis of a resonant cross-stream semi­
diurnal internal seiche. In particular, the Stom­
mel hypothesis can explain the observed 
modulation on seasonal time scales as the 
dependence of the channel resonant properties 
on the stratification and the position of the 
Gulf Stream. A more sophisticated analysis 
(yet to be done) should show generation of 
internal tidal waves on the three-dimensional 
bottom topography Our preliminary estimates 
indicate that topographical features associated 
with the first and second reef tracts can also 
radiate rays of M2 internal tides. 
The seasonality and interannual variability 
seen in Figures 2 and 3 can be attributed to 
changes in stratification, location of the Gulf 
Stream, and the importance of these changes 
on the internal seiche. Spin-off eddies, observed 
off the southeast Florida shelf can also modu­
late the upper ocean layer depth and the 
internal seiche period over time scales of about 
10 days or less. 
Spin-off eddies, observed off the southeast 
Florida shelf, are of fundamental importance 
to the local coastal circulation, because they 
affect the continental shelf, and thus largely 
determine the water properties of the shelf. 
The fact that super-tidal oscillation can be so 
energetic is intriguing, because it may provide 
another entirely different source of the energy 
dissipation for the Gulf Stream that may act in 
concert with the spin-off eddies, as well as 
providing energetic forcing for cross-shelf and 
vertical mixing. The velocity scale of the baro­
clinic supertidal oscillation is 0.5 m s 1; while, 
the characteristic velocity scale of the barotropic 
tide on the southeast Florida shelf is of 0.05 m s"1. 
Since the dissipation of the kinetic energy of 
currents is proportional to the cube of the 
current velocity magnitude, the arrival of the 
super-tidal baroclinic oscillation can increase 
the tidal energy dissipation on the southeast 
Florida shelf as much as by three orders of 
magnitude. 
Though internal seiching is a plausible 
explanation for the super-tidal oscillation 
observed on the shelf off southeast Florida, 
two other hypotheses cannot completely be 
rejected.The first of these considers the sub­
stantial relative vorticity associated with the 
Gulf Stream.The inertial peak could be shifted 
to a higher frequency due to vorticity Substan­
tial relative vorticity associated with the Gulf 
Stream has been reported in many studies 
[Rossby and Zhang, 2002] . Mooers [1975] sug­
gested that the effective local inertial frequency 
of = [f(f+ v^y2 (where / is the Coriolis parame­
ter) maybe substantially reduced due to sig­
nificant vorticity (vj in the western boundary 
of the Gulf Stream. Average vorticity at the 
western boundary of the Gulf Stream in the 
Florida Straits (i.e., of the Florida Current) of 
4f or higher have been reported in the SFOMC 
range [Peters et al., 2002] . Such average vorticity 
can reduce the 27-hr inertial period to the 10-
hr oscillation observed experimentally on the 
southeast Florida shelf. A narrow band charac­
ter of the 10-hour signal observed during sum­
mer 1999 is, nevertheless, typical for tidal 
rather than eddy-related phenomena [Peters 
etal., 2002] . 
Another hypothesis suggests that the 1-hr 
peak could be the semi-diurnal internal tide 
Doppler-shifted by the Gulf Stream [Luther et 
al., 2001].This hypothesis is based on an 
assumption that the velocity fluctuations in 
the coastal area can be induced by motions 
outside this area (for instance, by the nearby 
Gulf Stream).The intrinsic or Doppler-shifted 
frequency of a semi-diurnal internal tide 
propagating southward through the Florida 
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Fig. 3. Velocity oscillation magnitude within the same 8- to 12.5-hr band as in Figure 2 during 
summers of 1999-2002 (NW bottom mount at 77-/7? isobath). Original color image appears at 
back of volume. 
Straits (i.e., against the mean current) is esti­
mated from Mooers' [1975] formula to be - 1 0 
hrs. Peters et al. [2002], however, argue that if 
the internal tide is generated by the surface 
tide elsewhere on the continental shelf,"...in 
the environment of time-invariant, spatially 
variable mean current, the encounter frequency 
of any wave signal is conserved along rays 
[LeBlond and Mysak, 1978; equation 6.19b]. It 
is only the intrinsic frequency, measured with 
respect to the fixed observer moving with the 
mean current, that is changed." 
Continuing efforts hope to elucidate the 
physics leading to these energetic but season­
ally and interannually modulated velocity 
fluctuation. In particular, numerical modeling 
might distinguish between the three proposed 
generating mechanisms as well as help to 
facilitate future observations in the most effec­
tive way. 
Acknowledgments 
This project has been supported by the ONR 
Award N00014-98-1-0861 (via a subcontract to 
FAU) and Award N00014-02-1-0950. We grate­
fully acknowledge J.PMcCreary (NSU and 
UH) for his intellectual contribution into the 
organization of this NSU/USF cooperative project. 
Rick Cole, Jeff Donovan, and David Burwell 
(USF), and Terry Thompson and Laszlo Nemeth 
(NSU) provided excellent technical support 
during the project. Special thanks go to Doug 
Briggs and Bob Franks (FAU), and Dave 
Gilliam, Brian Ettinger,and Lance Robinson 
(NSU).SFTF personnel (Tom Metz and Bill 
Venezia) were also very helpful with the 
mooring operations. We thank Michael Crane 
(NOAA) and Courtney Campbell (NSU) for 
their help in preparation of the data base (this 
work was partially supported by Carnival Cruise 
Lines), and our SFOMC partners from FAU 
and UM for the fruitful discussion of results. 
References 
Dhanak, M. R., E. PAn, and K. Holappa,An AUV 
survey in the littoral zone: small-scale subsurface 
variability accompanying synoptic observations of 
surface current, IEEE Journal of Oceanic Engineer­
ing, 26,1506-1518,2001. 
Lee,T. N. and D. A. Mayer, Low-frequency current vari­
ability and spin-off eddies along the shelf off 
southeast Florida, J Marine Res., 35,193-220,1977. 
Luther, M E.,A.V Soloviev, and R.H.Weisberg, Internal 
Tides Doppler-Shifted by Gulf Stream,The 
Oceanography Society Meeting, 2-5 April 2001, 
Miami Beach, Florida. Abstract published in 
Oceanography, 14, 7,35,2001. 
McCreary, J., A. V Soloviev, R.H.Weisberg, and 
M. E. Luther, Environmental array and data analysis 
(SFOMC Report 5) in ONR Ocean, Atmosphere, 
and Space S&T Department Annual Report, FY2000, 
Office of Naval Research, Arlington,Va., 2000. 
Mooers, C. N. K.,Several effects of a baroclinic cur­
rent on the three-dimensional propagation of iner-
tial-internal waves, Geophys. Fluid Dynamics, 6, 
277-284,1975. 
Niiler,PN.,On the internal tidal motion in the Florida 
Straits, Deep-Sea Research, 15,113-123,1968. 
Peters, H., L. K. Shay, A. J. Mariano, and T. M. Cook, Cur­
rent variability on a narrow shelf with large ambi­
ent vorticityi Geophys. Res., 107,2002. 
RossbyT.and H.M.Zhang.The near-surface velocity 
and potential vorticity structure of the Gulf 
Stream,./ Marine Res., 59,949-975,2002. 
Shay, L K.,T. M. Cook, H. Peters, A. J. Mariano, 
R. H.Weisberg, PE.An,A.VSoloviev, and M.E. Luther, 
Very high-frequency radar mapping of surface cur­
rents, IEEE J. Oceanic Eng., 27,155-169,2002. 
Soloviev,A.V, M. E. Luther,and R. H.Weisberg, Ener­
getic baroclinic super-tidal oscillations on the 
southeast Florida shelf, Geophys. Res. Lett., 30(9), 
1463,doi:10.1029/2002GL016603,2003. 
Stommel, H.,The Gulf Stream- A Physical and 
Dynamical Description, 248 pp., University of 
California Press, Berkeley, 1965. 
Author Information 
AlexanderV Soloviev and Rebekah J.Walker, 
Oceanographic Center, NOVA Southeastern University 
Dania Beach, Fla.; and Robert H.Weisberg and Mark 
E. Luther, College of Marine Science, University of 
South Florida, St. Petersburg. 
For more information, contact Alex Soloviev; 
E-mail: soloviev@ocean.nova.edu 
Large Earthquake Strikes 
PAGE 442 
On 26 September 2003, a magnitude 8.0 
earthquake, Earth's most powerful in 2.5 years, 
struck offshore Tokachi, Hokkaido, Japan, at 
0450 local time. The hypocenter was at 40 km 
depth along the boundary of the Pacific and 
North American plates (www.jma.go.jp).The 
focal mechanism shows a reverse fault with a 
northwest-southeast compressional axis (P-axis) 
(see http://www.bosai.go.jp). 
Following the main shock, named "Heisei 15 
Tokachioki-jishin," seismic activity has continued 
Hokkaido Japan 
in the region. As of 30 September, the largest 
aftershock was M7.1 on 26 September at 0608. 
Tsunamis were observed on the Pacific coast 
of Hokkaido and the Tohoku region, including 
waves of 1.2 m at Kushiro, 1.3 m at Urakawa, 
and 1.0 m at Hachinohe. 
The temblor occurred where, in March 2003, 
the headquarters for Earthquake Research 
Promotion (http://www.jishin.go.jp/main/ 
index-e.html; Japanese Ministry of Education, 
Culture, Sports, Sc ience and Technology or 
MEXT) estimated that a M8 earthquake would 
occur with a probability of 60% in 30 years 
and 10-20% in 10 years. Furthermore, it occurred 
at almost the same location as the 1952 M8.2 
offshore Tokachi earthquake. 
Teleseismic body wave data indicate that a 
90-km by 70-km area shifted a maximum of 5 
m in 30 s (http://www.eri.u-tokyo.ac.jp). Dense 
global positioning system network data show 
widespread deformation of Hokkaido 
(http://www.aist.go.jp/GSJ/). In the vicinity of 
Cape Erimo, the crust moved - 9 0 cm to the 
southeast and descended - 2 0 cm.These data 
are consistent with motion along a reverse fault 
at the plate boundary Prior to the main event, no 
changes were apparent above the noise level. 
Unsaturated seismic and tsunami (pressure) 
data from the Japan Marine Sc ience and 
Page 449 Fig. 3. Velocity oscillation magnitude within the same 8- to 12.5-hr band as in Figure 2 during 
summers of 1999-2002 (NW bottom mount at 11-m isobath). 
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Fig. 1. (a) Map indicating location of three mooring buoys in the SFOMC range, (b) Cross-section 
of Florida Straits. Sea level (c) and velocity (d) spectra in the SFOMC range. Note a 2-hr "blue" 
shift of the tidal peak in the velocity spectra compared to the sea-level spectrum. Inertial frequency 
f, (27.34 hrs) and tidal constituents O, (25.82 hrs), K, (23.93 hrs), N2 (12.66 hrs), M2 (12.42 hrs), 
and S2 (12 hrs) are marked by vertical dashes. The spectral curves in subplots (c) and (d) are 
color-coded according to the color of the mooring symbols in subplot (a). 
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Fig. 2. Seasonal and interannual change of the 
spectral energy of the velocity oscillation with­
in the 8- to 12.5-hour band (NW bottom 
mount at 11-m isobath). 
